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Introduction {#sec005}
============

*Transition* is defined as the purposeful, planned movement from pediatric to adult medicine, which includes the process of taking responsibility for the management of one's own chronic condition. Adolescents with chronic conditions are more likely to show maladjustments and achieve fewer milestones of personal development when compared to their healthy peers \[[@pone.0230659.ref001]--[@pone.0230659.ref003]\]. Patient education programs have proved to be effective in supporting adolescents with chronic conditions who are managing their own transition \[[@pone.0230659.ref003],[@pone.0230659.ref004]\]. It is, however, still unclear at which age an adolescent should be included in an education program to positively influence the individuals' development and to enable a successful transition. Furthermore, chronological age is a much investigated criterion regarding transition, but findings are contradictory \[[@pone.0230659.ref005],[@pone.0230659.ref006]\]. In a systematic review of the research on transition, the optimal age range of transfer in 14 of the 15 papers was 18--19 years \[[@pone.0230659.ref006]\]. Furthermore, the literature reports different findings on delaying the transfer to an older age. In the quantitative studies, broad support was found for a delayed age of transfer, but in the qualitative research, only one study reported supportive evidence of such a delay \[[@pone.0230659.ref006]\]. Moreover, the preferred timing is on the one hand related to chronological age \[[@pone.0230659.ref007],[@pone.0230659.ref008]\], but on the other hand, studies have shown that the timing of transition should be based on the level of maturity and responsibility, and not on chronological age \[[@pone.0230659.ref009],[@pone.0230659.ref010]\]. Nevertheless, adolescents with chronic conditions should receive an age-appropriate health care tailored to their specific needs \[[@pone.0230659.ref011]\]. In sum, the optimal age of transition is still debated and thus requires further investigation in transition research.

In the last decades, patient empowerment has become an important construct in health care. There is a widespread belief that patients should be empowered, i.e., encouraged to take an active role in affairs of their own health and health care \[[@pone.0230659.ref012],[@pone.0230659.ref013]\]. According to Fumagalli et al. \[[@pone.0230659.ref012]\], empowerment encompasses the acquisition of motivation and abilities which enable a patient to actively participate in health-related decision-making. Consequently, empowerment creates the opportunity for a higher level of self-determination in patients' relationships with professionals. Zimmerman \[[@pone.0230659.ref014]\] defines empowerment as a multidimensional construct consisting of three components: an intrapersonal (feeling & awareness), interactional (knowledge & skills) and behavioral component (action). According to Zimmerman \[[@pone.0230659.ref014]\], empowerment is reached if a person "believes that he or she has the capability to influence a given context (intrapersonal component), understands how the system works in that context (interactional component), and engages in behaviors to exert control in the context (behavioral component)" (p. 590). However, there is still a lack of consensus in the conceptualization of the *patient* empowerment term and its operationalization strongly depends on the context of the study \[[@pone.0230659.ref003],[@pone.0230659.ref012],[@pone.0230659.ref013],[@pone.0230659.ref015]\].

To represent the three components of Zimmerman \[[@pone.0230659.ref014]\] regarding the empowerment of a patient in the field of health care and transition, we chose the following three constructs: 1) self-efficacy, 2) transition competence, and 3) patient activation. *Self-efficacy* can be used to operationalize the intrapersonal component, since it is defined as the belief that one can perform a novel or difficult task, or cope with adversity \[[@pone.0230659.ref016]\]. *Transition competence* captures self-perceived knowledge, skills, abilities of self-management, and competences regarding the preparation and the progress of transition and can be regarded as the interactional component. *Patient activation* describes patients' engagement in their own health care and related to the behavioral component. In most of the studies about empowerment, the components were investigated separately to show differences regarding the level of empowerment in subjects \[[@pone.0230659.ref017]\]. This is in contrast to theoretical papers defining empowerment as a multidimensional construct with multiple components that are linked to each other \[[@pone.0230659.ref012],[@pone.0230659.ref014]\]. This definition requires an investigation of patient empowerment with a more comprehensive approach, such as structural equation modeling, to satisfy the multidimensional concept.

The aim of the current study is to show the enhancement of patient empowerment through a patient education program with a comprehensive approach, and to investigate an operationalization based on Zimmerman's model of empowerment in the context of patient education programs \[[@pone.0230659.ref014]\]. The patient education program was intended to strengthen the preparedness of adolescents with chronic conditions in the phase of transition to be responsible for and self-manage their condition. We also investigated *patient's age* as a possible moderating factor on the effectiveness of the patient education program. To identify all of the proposed components, we applied a measurement model that was not only based on an established conceptual theory of patient empowerment, but also on empirically validated measures using structural equation modeling (SEM) of change, specifically Latent Difference Score modeling (LDSm; e.g., \[[@pone.0230659.ref018]\]).

Materials and methods {#sec006}
=====================

Sample {#sec007}
------

Two cooperating longitudinal multicenter studies were conducted to evaluate the effectiveness of the newly established patient education program with a controlled trial \[[@pone.0230659.ref004],[@pone.0230659.ref019]--[@pone.0230659.ref021]\]. The first study was conducted in 11 pediatric outpatient clinics and one rehabilitation center in Germany \[[@pone.0230659.ref022]\]. The second study recruited the participants from 29 pediatric outpatient clinics, two hospitals and two self-help groups, also in Germany. In the final data, we included only the outpatient clinics to ensure the comparability of the data.

Data were collected in 40 health centers in Germany from September 2012 to December 2014. Each clinic provided a special consultation hour for adolescents with chronic conditions in an ambulant setting. Adolescents were recruited by their pediatricians using personal, mail and phone contact. The data were measured at a baseline (T0) and at a follow-up (T1) carried out 1--6 months later. Each participant and their parents or legal guardians gave informed consent. Eligible participants were adolescents aged from 13 to 25 years who were diagnosed with a chronic condition according to the ICD-10, for example type 1 diabetes, chronic inflammatory bowel disease, or cystic fibrosis, and who were still being treated in pediatric medicine prior to their transfer to adult medicine. Patients were assigned to groups based on their availability at predefined workshop dates; therefore, group affiliation was defined as an intervention group or control group. The control group did not take part in the patient education program, but filled out the questionnaires at the same measure points as the intervention group, a baseline (T0) and a follow-up (T1). In order to achieve an adequate participants-to-parameter ratio \[[@pone.0230659.ref023]\], we merged the two studies into one data file that is analyzed in the present article. In total, *N* = 723 adolescents fully completed both questionnaires and were included in the analysis. Their average age was *M*~*age*~ = 16.98 (*SD*~*age*~ = 1.64). Further demographic details are provided in [Table 1](#pone.0230659.t001){ref-type="table"}. The numbers of male and female participants were about equal (49.1% and 50.9%, resp.), most of whom lived with their parents (*n* = 676, 93.8%). 1.8% indicated to live alone, while the remaining 4.4% lived in a different setting (e.g., living community or residential home). 56.3% of the sample participated in the patient education program and will be referred to here as the *intervention group*. After completing the questionnaires, all participants either received a EUR 20 voucher or they could take part in a prize draw to win an online voucher.

10.1371/journal.pone.0230659.t001

###### Sociodemographic data of control group, intervention group, and total sample of latent difference score model of empowerment.

![](pone.0230659.t001){#pone.0230659.t001g}

                  Total Sample                
  --------------- -------------- ------------ ------------
  **Age**                                     
  M               17.09          16.90        16.98
  SD              1.70           1.51         1.60
  Range           13--14         14--24       13--24
                  Count (%)      Count (%)    Count (%)
  **Sex**         (n = 316)      (n = 407)    (n = 723)
  Male            162 (51.3)     193 (47.4)   355 (49.1)
  Female          154 (48.7)     214 (52.6)   368 (50.9)
  **Education**   (n = 314)      (n = 400)    (n = 714)
  \<12 years      130 (41.4)     155 (38.8)   285 (39.9)
  ≥12 years       164 (52.2)     226 (56.5)   390 (54.6)
  others          20 (6.4)       19 (4.8)     39 (5.5)

Patient education program {#sec008}
-------------------------

We aimed to show the enhancement of patient empowerment through the participation in a patient education program strengthening the preparedness of young people to be responsible for and self-manage their condition. The program intended to facilitate the exchange of practical knowledge and information, as well as interactions among participants, initiated through various interactive group methods. The patient education program was designed to contribute to the level of patient empowerment in the context of transition \[[@pone.0230659.ref003],[@pone.0230659.ref012],[@pone.0230659.ref013],[@pone.0230659.ref015]\].

The program was devised as a group training for at least four adolescents on two consecutive days. It consisted of nine modules covering the following topics: transfer to adult medicine, orientation in the health system, future planning and occupation/career, separation from parents, communication about illness with peers and parents, stress management, and activation of resources. Each module had a duration of 60--90 minutes. The content of the curriculum was mainly generic, but some modules included condition-specific aspects. The program was conducted by a psychologist and a pediatrician; in addition, a doctor for adult medicine and a young adult with the same chronic condition like the participants of the intervention were invited as experts. It was executed in a workshop setting to initiate group interactions and promote the exchange of knowledge and information between the participants, following the guiding principles of Zimmerman's empowerment definition \[[@pone.0230659.ref014],[@pone.0230659.ref019]\]. Since the aim of the patient education program is to enable adolescents with chronic conditions to learn about their transition, to develop skills to manage this process, and to promote their ability and motivation to manage their chronic condition themselves, the participants had the opportunity to address their concerns, fears and problems, such as their fears of the future, or the everyday stress of managing their chronic condition \[[@pone.0230659.ref019]\].

Examples from the workshop include: participants role played getting prepared for the first consultations with their new doctor, they learnt to understand their laboratory results and technical terms (e.g. anatomy), or they drew a portrait of their "dream doctor". In small groups, participants were invited to discuss changes regarding the transfer to adult medicine, and to articulate associated opportunities and risks. They were provided with information on contraception, drugs, alcohol and family planning that was relevant to their chronic conditions, and they discussed the usefulness of some websites and other sources of information. They furthermore became aware of their disease-related rights and obligations during their future studies and occupations, and they learnt how to obtain information from a variety of health care services and institutions, such as conducting phone calls with their health insurance. Lastly, the participants of the group intervention met with another young adult who suffered from the same chronic condition but experienced the transition already.

A more detailed description of the program's content and development is provided in \[[@pone.0230659.ref019]--[@pone.0230659.ref021]\].

Study measures {#sec009}
--------------

We carefully selected three components according to Zimmerman's definition of empowerment \[[@pone.0230659.ref014]\] and placed them in the specific context of health care: self-efficacy representing the intrapersonal component, transition competence representing the interactional component, and patient activation corresponding to the behavioral component \[[@pone.0230659.ref012],[@pone.0230659.ref014]\].

### General Self-Efficacy scale (GSE) {#sec010}

The general self-efficacy scale measures perceived self-efficacy by means of 10 items (e.g., "I am confident that I could deal efficiently with unexpected events"), scoring from 1 (not at all true) to 4 (exactly true). A global score represents the self-perceived competence of a person to deal with daily hassles and stressful life time events. Thus, a higher score means a higher general self-efficacy. The reported Cronbach's alpha in German samples ranged from .80 to .90 \[[@pone.0230659.ref016]\].

### Transition Competence Scale (TCS) {#sec011}

The health-related transition competence scale measures the self-perceived knowledge, skills, abilities of self-management, and competences in the preparation of and the progress in transition, by means of 10 items (e.g., "I know the difference between adult health care and child health care"). The patient activation is quantified by a sum score ranging from 10 to 40 and can be transformed to a scale with a range between 0 and 100. The response categories of the 4-point Likert scale are between1 (strongly disagree) and 4 (strongly agree), where a higher score represents a higher self-perceived competence. The instrument contains three subscales: (1) work-related preparedness, (2) condition-related knowledge, and (3) health-related competence. The three subscales can be combined to a global score which has a reported Cronbach's alpha of .81 and a discrimination index ranging from .42-.62 \[[@pone.0230659.ref024]\]. The global score correlates positively with the three subscales: (1) r = .79, (2) r = .79 and (3) r = .81, as reported by Hermann-Garitz et al. \[[@pone.0230659.ref024]\].

### Patient Activation Measure (PAM) {#sec012}

The patient activation has previously been operationalized through the Patient Activation Measurement adapted for adolescents with chronic conditions \[[@pone.0230659.ref025]\]). This instrument consists of 13 items with response categories located on a 4-point Likert scale ranging from 1 (strongly disagree) to 4 (strongly agree). The PAM^®^ 13 for adolescents is an adapted version of the Patient Activation Measure (PAM-13^©^) \[[@pone.0230659.ref017]\], which measures the patients' engagement in their own health care (e.g., "I have been able to adapt my daily routine according to my health condition"; "Taking an active role in my own health care is the most important factor in determining my health and ability to function"). The patient activation is quantified by a sum score ranging from 13 to 52, where higher scores represent higher levels of patient activation. The reported internal consistency of the previous study is satisfactory with a Cronbach's alpha coefficient of α = .79. The retest reliability was reasonably high, with *r*~tt~ = .68 \[[@pone.0230659.ref025]\].

*Data preprocessing and handling of missing values*. The two cooperated studies were tested for their compatibility and the feasibility of merging the two data sets. Differences in the distribution of sex, age, education, and the mean scores of PAM and TCS in the two studies were investigated. Since the pre-analysis showed no differences, the items of GSE, TCS, and PAM were parceled, in order to reduce psychometric problems associated with modeling Likert scales with structural equations \[[@pone.0230659.ref026]\]. For the measurement of each scale, three parcels were composed by a random assignment of an equal number of items. This is a common method of parceling in the literature, given the unidimensionality of the scale \[[@pone.0230659.ref026]\]. There were missing data on the second time point of measurement in 55.3% of the total sample. However, to avoid information loss and to achieve a high test power, cases with missing data were not excluded from the analyses.

The estimation of the LDS measurement model of the empowerment components GSE only consisted of *N* = 323. The reason is that one of the multicenter samples was not asked to fill out the GSE, in order to minimize the demands the participants were exposed to. We handled missing values within the model of analysis by using the full information maximum likelihood (FIML) estimation procedure provided by the software Mplus \[[@pone.0230659.ref027]\]. FIML has the advantage that it will not exclude incomplete data patterns, but instead use all the available information for estimating the parameter of a postulated SEM.

Data analysis {#sec013}
-------------

Latent difference score models (LDSm; \[[@pone.0230659.ref018]\]) were used to estimate the latent measurement error-free change (difference scores) observed at the level of manifest variables (using GSE, TCS, PAM parcels) at two time points: T0 (before the intervention) and T1 (after the intervention). There were three steps in the analysis: first, the latent difference score models of GSE, TCS, and PAM were separately estimated and these measurement models were used to identify patient empowerment, defined as a higher order factor determined by the estimated latent change factors for the three components. This is necessary because empowerment can only be assumed if there is a significant change in all three domains. Second, to test the intervention success, the latent variable *patient empowerment* was regressed into a dummy variable coding the group affiliation of participants (0 --control group, 1 --intervention group), because the intervention group was expected to develop a higher level of empowerment after 1--6 months compared with the control group. Third, we investigated whether age influenced the association between group affiliation and patient empowerment. This step was necessary to determine whether age represents a necessary factor to be included the patient education program.

The overall fit expressed by the χ^2^-Test and the following three alternative fit criteria was considered to evaluate the models: the Root Mean Square Error of Approximation (RMSEA), which should be lower than .08, the Comparative Fit Index (CFI), which should exceed.95 and the Standardized Root Mean Residual (SRMR), which is expected to be lower than .08 \[[@pone.0230659.ref028]\]. All reported analyses were conducted with Mplus 7.31 \[[@pone.0230659.ref027]\]. Because of the sizeable sample of *N* = 723 and the number of the tested models, we only considered *p*-values \< .01 to be substantial.

*Latent difference score modeling* (LDSm) was proposed by McArdle \[[@pone.0230659.ref018]\] to measure the absolute change at the level of a latent variable. Since then, LDSm has been mainly applied in cases of two measurement time-points. Thus, latent difference scores represent interindividual differences in absolute intraindividual changes, adjusted for measurement errors. In order to estimate the changes, the measured latent variable at the second time-point is deconstructed into two parts: the estimated value of the latent variable at the first measurement time-point, and the change between the two measurement occasions. Thus, because patient empowerment has been defined in the literature \[[@pone.0230659.ref012],[@pone.0230659.ref014]\] as a change score, we estimated the changes at the level of GSE, TCS, and PAM scores and modeled patient empowerment as a higher order factor indicated by these change scores (see [Fig 1](#pone.0230659.g001){ref-type="fig"} representing the model structure). Such a latent variable modeling approach is completely novel in the literature on patient empowerment, while it is strongly required by usual theorizing (see above).

![Theoretical model.\
Identification and Testing of Patient Empowerment PE = Patient Empowerment, GSE = General Self-Efficacy, TCS = Transition Competence Scale, PAM = Patient Activation Measurement--German Youth Version, Group = Group Affiliation, Age = age of the participants; model based on Zimmerman (1995).](pone.0230659.g001){#pone.0230659.g001}

Results {#sec014}
=======

Measurement models of change for general self-efficacy, transition competence and patient activation {#sec015}
----------------------------------------------------------------------------------------------------

In the first step, we estimated three separate measurement models of change for General Self-Efficacy (GSE), Transition Competence Scale (TCS) and Patient Activation Measure (PAM). The fit statistics for the three LDS models of GSE, TCS, and PAM suggested good to acceptable descriptions of the observed data. The TCS model (χ^2^(*df* = 9) = 20.24, *p* \< 0.05, CFI = 0.99, RMSEA = 0.04, SRMR = 0.03) and the PAM model (χ^2^(*df* = 9) = 4.90, *p* \> 0.05, CFI = 1.00, RMSEA = 0.00, SRMR = 0.01) had an excellent global fit. The GSE model had an acceptable global fit (χ^2^(*df* = 9) = 29.62, *p* \< 0.01, CFI = 0.98, RMSEA = 0.08, SRMR = 0.15). These three measurement models revealed factor loadings, which were all statistically significant and homogeneous in their magnitude (shown in [Fig 2](#pone.0230659.g002){ref-type="fig"}). We thus considered them in the next step of analysis, which aimed to estimate the hierarchical model of patient empowerment. Importantly, in all three models, the latent difference score which should identify patient empowerment revealed significant interindividual variance (*M*~*GSE_Diff*~ = 0.07, *p* \< 0.01, *σ*^*2*^~*GSE_Diff*~ = 0.14, *p* \< 0.01; *M*~*TCS_Diff*~ = 0.43, *p* \< 0.01, *σ*^*2*^~*TCS_Diff*~ = 0.20, *p* \< 0.01; *M*~*PAM_Diff*~ = 0.11, *p* \< 0.01, *σ*^*2*^~*PAM_Diff*~ = 0.08, *p* \< 0.01).

![LDSm of self-efficacy, transition competence and patient activation.\
Unstandardized factor loadings (Standardized factor loadings). All results p \< .001. LDSm = Latent Difference Score model, Latent GSE = General Self-Efficacy, TCS = Transition Competence Scale, PAM = Patient Activation Measurement--German Youth Version. Diff GSE = latent Difference of General Self-Efficacy, Diff TCS = latent Difference of Transition Competence Scale, Diff PAM = latent Difference of Patient Activation Measure.](pone.0230659.g002){#pone.0230659.g002}

Hierarchical structural model of patient empowerment {#sec016}
----------------------------------------------------

In the second step, a second order latent variable was estimated by the shared variance of the latent difference scores estimated for GSE, TCS, and PAM. The second-order latent variable labeled *patient empowerment* (PE) (χ^2^(*df* = 134) = 387.90, *p* \< 0.01, CFI = 0.95, RMSEA = 0.051, SRMR = 0.12) was successfully identified through the latent difference scores of GSE with a loading on the second order factor PE of 0.52, (*p* \< 0.01), TCS with a loading of 0.40 (*p* \< 0.01), and PAM with a loading of 0.75, (*p* \< 0.01). Moreover, the variance of PE was significantly different from zero (*σ*^*2*^~*PE*~ = 0.03, *p* \< 0.01, with *M* ~*PE*~ fixed to 0 for scaling purpose). Thus, the hierarchical model to identify PE is feasible to test the intervention success by adding a dummy variable predicting PE (see [Fig 3](#pone.0230659.g003){ref-type="fig"}).

![Hierarchical model.\
Identification of Patient Empowerment through Self-Efficacy, Transition Competence and Patient Activation Unstandardized factor loadings (Standardized factor loadings). All results p \< .001. PE = Patient Empowerment, GSE = General Self-Efficacy, TCS = Transition Competence Scale, PAM = Patient Activation Measurement--German Youth Version. Diff GSE = latent Difference of General Self-Efficacy, Diff TCS = latent Difference of Transition Competence Scale, Diff PAM = latent Difference of Patient Activation Measure.](pone.0230659.g003){#pone.0230659.g003}

Influence of the patient educational program {#sec017}
--------------------------------------------

In the third step, the hierarchical model of PE was extended through the dummy variable coding group affiliation. The extended model had an acceptable fit (χ^2^(*df* = 157) = 539.07, *p* \< 0.01, CFI = 0.92, RMSEA = 0.06, SRMR = 0.13). The regression weight of group affiliation (intervention/control) on PE was substantial, with a non-standardized regression weight of 0.16 (*p* \< 0.01; see [Fig 4](#pone.0230659.g004){ref-type="fig"}) corresponding to a standardized regression weight of 0.50. Thus, we conclude that the intervention has a significant effect on the development of patient empowerment.

![Extended hierarchical model.\
Patient Empowerment identified through Self-Efficacy, Transition Competence and Patient Activation influenced by group affiliation and age Unstandardized factor loadings (Standardized factor loadings). All results p \< .001. \* p\>.05. PE = Patient Empowerment, GSE = General Self-Efficacy, TCS = Transition Competence Scale, PAM = Patient Activation Measurement--German Youth Version. Diff GSE = latent Difference of General Self-Efficacy, Diff TCS = latent Difference of Transition Competence Scale, Diff PAM = latent Difference of Patient Activation Measure. Group = Group Affiliation. Age = z-standardized age of the participants.](pone.0230659.g004){#pone.0230659.g004}

Influence of age {#sec018}
----------------

The age of the participants was centered to the mean and included as a manifest variable in the hierarchical model to investigate the association between age and patient empowerment through the patient education program. Age was introduced as a moderator of the association of group affiliation and patient empowerment. The age-moderated LDSm showed an acceptable fit (χ^2^(*df* = 192) = 587.46, *p* \< .001, CFI = 0.92, RMSEA = 0.05, SRMR = 0.12). The standardized moderation effect of age on the relationship between intervention and PE was not significant (-.04, *p* = 0.66; see [Fig 4](#pone.0230659.g004){ref-type="fig"} for details).

Discussion {#sec019}
==========

This study has demonstrated the feasibility of measuring the construct of patient empowerment through a patient education program by using a comprehensive approach including the three components of Zimmerman \[[@pone.0230659.ref014]\] in the specific context of health care. Additionally, the influence of group affiliation (control group vs. intervention group) and age could be identified.

The predicted model of patient empowerment (PE), which was examined through a patient education transition program, was identified and analyzed. Based on the definition of empowerment, three components were used to identify PE as a multidimensional construct: 1) self-efficacy (GSE), 2) transition competence (TCS), and 3) patient activation (PAM). The three components deducted from Zimmerman \[[@pone.0230659.ref014]\] in the context of transition demonstrated that the predicted model of PE was identifiable. The latent difference scores of TCS, GSE, and PAM loaded significantly positive on the latent variable PE. The higher the latent difference of TCS, GSE and PAM, the higher the PE. Consequently, the three components could be used as indicators for PE. These findings are in line with Aujoulat et al. \[[@pone.0230659.ref015]\], thus suggesting once more that self-efficacy, self-management and patient activation are frequently anticipated outcomes in association with empowerment.

There is no consensus on the definition of patient empowerment and the theoretical foundation is often missing \[[@pone.0230659.ref030]\]. Rappaport and Seidman \[[@pone.0230659.ref029]\] stress that in the operationalization of empowerment, it is crucial to consider the setting and the context. In our study, we based our operationalization on a clear theoretical foundation as well as we considered the special setting and context of transition.

Furthermore, the interpretation of empowerment depends on the context of the measurement \[[@pone.0230659.ref014],[@pone.0230659.ref029],[@pone.0230659.ref030],[@pone.0230659.ref031]\]. Furthermore, the operationalization was adapted to reflect the specific context of transition. Two of our three selected measurements are specific for patient empowerment covering the field of health care (PAM) and transition (TCS) \[[@pone.0230659.ref012]\].

There are three advantages to using SEM in this study to identify PE, because it (a) allows a full-information analysis and interpretation, (b) enables the observation of changes over time, and (c) provides better methods for the treatment of missing data \[[@pone.0230659.ref032],[@pone.0230659.ref033]\]. In particular, identifying and observing changes in PE over time is useful, because this fully views the definition of empowerment as a process \[[@pone.0230659.ref012],[@pone.0230659.ref014]\]. One to six months after the intervention, the developed PE is significantly higher than the baseline measurement of the considered components. We conclude that the positive effects of the intervention were stable and the participated adolescents developed empowerment. The adolescents developed adequate knowledge, skills, understanding, and motivation to deal with their chronic conditions and their transition process.

We furthermore extended the model of PE in order to analyze the effect of the intervention, and to determine whether age had an influence on the association between group affiliation (intervention vs. control group) and the development of PE. The aim of the intervention was to investigate whether a higher level of PE in adolescents with chronic conditions was associated with a more active role in managing their own health care and a higher ability to manage their own transition \[[@pone.0230659.ref004],[@pone.0230659.ref012],[@pone.0230659.ref014],[@pone.0230659.ref034]\]. The patient education program was designed to include different chronic conditions; therefore, it followed a generic approach in order to educate adolescents with a broad variety of conditions within the same program. It was predicted that the participation to the intervention group leads to a higher level of empowerment compared to the control group. The group affiliation loaded positively on the latent variable PE, meaning that the intervention group developed a higher level of patient empowerment than the control group. Consistent with Aujoulat et al. \[[@pone.0230659.ref015]\], the patient education program was designed to support adolescents with chronic conditions to empower them in different aspects of their life, for example, having a greater sense of self-efficacy, participating more actively in their decision-making processes and having the knowledge of specific aspects of their own health care. Higher patient empowerment is associated with better health-related outcomes \[[@pone.0230659.ref035]\].

Although we had predicted an effect of age on the development of empowerment, the results showed no significant influence on the association of group affiliation and patient empowerment. Since the results did not indicate any differences between intervening at a younger or an older age, we conclude that the intervention can be offered to adolescents with chronic conditions of varying ages.

Limitations {#sec020}
-----------

The missing values of the LSDm of GSE negatively affected the SRMR value. In the future, all relevant components must be assessed at all measure points in order to improve the fit of the model. This study only considered two influence factors (group affiliation and age); future work should include other predictors such as duration, chronic condition, socio-economic status or sex. Especially, potential confounders regarding the inconsistent follow-up range of 1 to 6 months has to be assessed and included in the future analyses. Wisk et al. \[[@pone.0230659.ref036]\] found in a retrospective cohort study that girls have an earlier transfer to adult-focused primary care than boys. Regarding the specification of empowerment models, recent studies have used different approaches: Peterson \[[@pone.0230659.ref037]\] suggested a formative measurement perspective by conceptualizing empowerment as a higher-order multidimensional construct formed by its dimensions, while the study of Miguel et al \[[@pone.0230659.ref038]\] showed that the reflective measurement model of empowerment was superior to a formative one. These findings suggest that more research on empowerment theory is required to test and develop further models and conceptualizations of empowerment.

Conclusions {#sec021}
===========

The operationalization of a conceptual model of patient empowerment was successful. The construct is utilizable in the specific context of transition, the identified components are responsive to the influence of a patient education program and can be used for a broad age span in a clinical or ambulant context. Adolescents with chronic conditions have benefited from a higher empowerment in their ability to manage their own health care.
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